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EFFECT OF SEVERAL TAIL CONFIGURATIONS ON THE STABILITY
CHARACTERISTICS OF A MIDWING SUPERSONIC-BOMEER MODEL
AT MACE NUMBERS OF 1.60, 1.90, 2.20, AND 2.50*

By R. Franklin Wells and H. Noirman Silvers

SUMMARY
26634

A midwing supersonic-bomber model was investigated in the Langley
Unitary Plan wind tunnel to determine the effect of several tail con-
figurations on longitudinal and lateral stability characteristics at
Mach numbers of 1.60, 1.90, 2.20, and 2.50.

The {uselage had a fireness ratio of 12.810. The wing had an aspect
ratio of 3.20, a taper ratio of 0.L40, dihedral of -8°, and 21.8° sweep
of the quarter chord. The tails consist of two basic types, s T-tail
configuration and a low-tail configuration. Various modifications of
the T-tail configuration were obtained by the addition of the following
components to the basic T-tail: single ventral fin. dual ventral fins,
extended nacelles, and wedges on the vertical taill. Two values of
dihedral were used on the low horizontal tail, -)0° and -30°. In addi-
tion, wedges on the vertical tail and rudder deflections were tested with
the low-tail confignration.

The T-tall configuration exhibited & destebilizing tendency of the
pitching-moment-coefficient curve at the higher angles of attack. The

‘low-tail configuration showed no abrupt change in longitudinal stability

and the sctability tended to be unaffected by Mach number. The T-tail
configuration has more effective directional stability at the high angles
of attack than the low-tail configuration. Dual ventral fins were more
effective than & single ventral fin in increasing directional stability
of the T-tail at high angles of attuck and high Mach number. h
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*Title, Unclassified.



INTRODUCTION

An investigation was mede of the aerodynamic characteristics of a
model of a supersonic tactical borber. Basically the mission of such
airplanes calls for a subsonic cruise with a supersonic dash capability
at Mach nupbers apprcaching 3. The purpose of the investiga“ion was to
determine a tail configuration which would have acceptable lcugitudinal
and lateral stability characteristics and directicnal control over the
superscnic part of the mission.

Several different tail arrangements believed to have good serodynamic
characteristics and to be feasible from the constiruction standpoint were
selected. Time did not permit progressive modifications to be made in
order to arrive at a completely satisfactory solution of the problems.

A T-tail in conjunction with a single and dual ventral fin and lcw
tail with & horizontal-tail dihedral of -10° and -30° were tested. The
rulder effectiveness was determined for several controls on the T-tail
configuration.

.The present paper presents results obtained at Mach numbers of 1.60,
1.90, 2.20, and 2.50 in the langley Unitary Plan wind tunnei.

The results of this investigation t¢re presented as a brief evalua-
tion of the longitudinal and lateral stad®ility characteristics of the
model with several arrangements of the s:abilizing surfaces.

Because of the lack of sufficient corrective drag measurements,
drag coefficients are not presented.

COEFFICIENTS AND SYMBOLS

All longitudinal results are presented about the stability system
of axes and all lateral results are presented about the body eystem of
exes. These systems are illustrated in figure 1.

The reference point for all moments 1s located in the chcrd plane
of the wing at 25 percent of the wing mean geometric chord.

b wing span, in.

cp 1ift coefficient, =it




BCL \
lift-curve slope, —, (CL =~ 0]

Side force
aS

side-force coefficient,

slope of side-force curve, S—Z, (B = 0)

Rolling mom2nt

rolling-roment coefficient,
qSb

,

effective-dihedral parameter, —=, (B = 0)

U

v
pitching-moment coefficient, Pitching mement

qScT

slope of pit hing-moment curve, SE—, (CL =~ O)

v
at

pitching moment at zero 1lift

Yawing moment
qSb

yawing-moment coefficient,

directional-stability parameter, SE_’ (p = 0)

rudder effectiveness parareter, -—, (5r = CD

quarter chord
wing mean geometric chord, in.
free-stream Mach numter

free-stream dynamic pressure, lb/sq ft




S wing area including body intercept, sq ft

X,Y,Z body axes, (see fig. 1(b))

Xg,Ys,2Zg stability axes (see fig. ..(a))

a anzle of attack, roferred to the chord plane of the wing

uncorrected for tunnel flow angularity, deg

Qo, corr angle of attack at zero 1ift corrected for tunnel flow
angularity, deg

B angle of sideslip, referred to fuselage center line. deg

ry dihedral angle of the horizontael tail, deg

5r rudder deflection measured perpendicular to the hinge line,
deg

¢ angle of roll, 0° with model wing vertical, deg

APPARATUS AND MODELS

The tests were conducted in the low Mach nuiber test section of the
Langley Unitary Plan wind tunnel. This tumnnel is & variable pressure,
continuous-flow type. The test section is &4 feet square and approxi-
mately 7 feet in length. The nozzle leading to the test section is of
the asymmetric sliding-block type and the Mach number mey be varied con-
tinuously through a range from approximately 1.6 to 2.8 without tunuel
shutdown.

Details of the model and model components are shown in figures 2
tu 4. The geometric characteristics of the model are given in table I.
Photographs of the model are presented as figure 5.

The model consists of a low-aspect-ratio wing mounted in a mia-
height location on the fuselage-nacelle combination. The nacelles,
located on the sides of the fucelage, had inlets which were of the two-
dimensional, external-compression type utilizing a boundary-layer bleed
adjacent to the fuselage sides. Air was ducted from the inlets through
the necelles to two circular exits on either side of the fuselage. The
exits were located forward of the fuselage base. Nacelle extensions
were prcvided for the model and attached to the original exits extending
them reerward along the fuselage as shown in figures 2(b) and 5(d).
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The wing., shown in figure 2(a), has 21.2° sweep o® ile quarter-
ciord line, aspect ratio of 3.20, taper ratio of 0.¢J, and & 3.5-percent-
thick biconvex airfoil section. The wing he2 a Cihedral angle of -8°.

Two basic tail arrangeme~., were pocrided for the model. One
arrangement, called herein the T-tail, consisted »f a vertical tail of
aspect ratio 0.076 wi*h a quarter-chord line swept buck 60.0° and the
horizontal tail located in a high position on the vertical tail. Details
of ths T-tail coafiguration are shown in fig='e 3. The second tail
arrangement, callel herein the low tail, consisted of a vertical tail of
aspect ratio 0.913 with 2 quarter-ch~.d line swept back 54.6° and the
horizon:al :ail mounted on the lower portion of the nacelle extensions.
This horizontal tail was tested with dihedral argles of -10.0° and -30.0°.
Detatls of the low-tail configuratson are shown in figure 4. All tail-
swface airfoil sections were formed by wedge-type leading- and trailing-
edge sections joined with a thin parallel-sided midsection.

The -tail configuration was tected with a flap-type rudder deflec-
ted to an angle of 19 with respect to the vertical-tail chord plane.
A wedge block was also provided for one side of the vertical tail of the
T-tail to introduce an effect of rudder deflection. The wedge, shown in
figure 3, when attached to the vertical tail formed an angle of 12.0° with
the chord plene of the vertical tail. A wedge block was also provided
Tor the vertical tail of the low-tail configuration. This wedge, shown
in figure 4, when attached tc the vertical tail formed an angle of 30.7°
witn the cherd plane of the vertical tail.

Two arrangements of ventral fins were investigated with the T-tail
configuration. One arrangement consisted of Jdual ventral fins located
on the bottom of the fuselage and rotated 30.0° from the plane of symmet:y
(figs. 2(a) and 3). The other arrangement consisted of a single ventral
fin below the fuselage with the chord plane in the plane of symmetry
(figs. 2(a) and 3).

Forces and moments for the model were measured by 4 six-componeat
internal strein-gage balance aitached by means of a sting to the tunnel
support system. Included in the tunnel support system was a remotely
operated adjustable-angle coupling that permitted tests to be made at
variable angles of attack concurrently with variations in the a.gle of
sideslip.

TESTS

Tests were made through &n angle-of-attack range that extended fronm
sbout -4° to about 18° at 0° anc -4° angles of sideslip. To obtain the
lateral stability parameters, increments were taken between lateral
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results obtained at B =0° & 41 B = 40, This incremental method of
obtaining the lateral stabi? .y parameters through the angle-of-attack
range is valid if the lat al stability characteristics of the model are
linear within the rsng- of sideslip angles at which the tests were made
(B = 0° and -4°). " 1indicate this linearity of the lateral chsracter-
istics with ang™- of sideslip as well as to determine the lateral char-
acteristics nigher angies of sideslip, some tests were also made

(for angles of attack of 0®, 9°, and 18°) through an angle-of-sidesliy
range that extended from about 4O to -18C, The tests were made generally
at Mach numbers of 1.60, 1.90, 2.20, and 2.50. Some configurations were,
however, investigated at only selecrted conditions of the aforementioned
attitudes and Mach numbers. A summary of the test conditions for the
various model configurations is presented as table II.

The test conditions of stagnastion pressure, dynamic pressure, and
Reynolds number corresponding to the test Mach numbers are given in the
following table:

Stagnation pressure, Dynamiec pressure, —
M 1b/sq in. sbs 1b/sq ft Reynolds number
pa—
1.60 5.00 304.01 0.586 x 100
1.90 5.60 305,02 - .590
2.20 6.50 301.00 .607
2.50 8.15 301.65 LBUT
p——

The Reynolds number is based on the mean geometric chord of ite sing.

The dewpoint for all tests was msintained below -30° F to prevent
adverse condensaiion cffects. The st-gxuation temperature wes wa‘~ acinec
at 125° F for all Mach numbers.

CORRECTIONS AND ACCURACY

At the time of the tests, the tunnel had not been cormpletely cal-
ibrated, and the amount of Ilow angularity was not known. Taus, no
angularity corrections were applied to the basic data. It hes since
been determined that upflow angles of 0.4°, 0.8%, 1.59, and 1.1° exist
at Mach numbers of 1.60, 1.90, 2.20, and 2.50, respectively. Only the
summary plots of ag corr have been corrected for flow angularity.

—-———
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The raximum deviation of local Mach number in the portion of the
tuanel occupied by the moael was *0.015 from the average values listed.
“he argles of attsck and sideslip have been ccrrected for the deflec-
tion of the s ippart system under loead.

The estimaced accuracy of the force and moment coefficients, based
on talance calibration and repeatability of the data, is.within the
following limits:

0 D <o 02 [0

-;

Clm o« s ¢ o e e e e e e e e e e e e e e e e e e e e e . ... 20.0010

Cg v e e e e e e e e e e e e e e e e e e e e e ... £0.000%

Ch v ¢ ¢ o e e e e e e e e e e e e e e e e e e e e . e .. *0.0001
0 - 0 7255
o A o = - S 0.1
R LY +0.1
By ABE v v v e e e e e e e e e e e e e e e e e e e e $0.1

Based on the accuracy of these coefficients and angles and values
of the parameters measured. the estimated accuracy of the lateral param-
eters computed from increments of coefficients and argles is:

Cgg v o e e e e e e ee e $0.0004

CRB + » + + + + o e e e e e et e e e e . . .. *0.0004
CYp © ¢ v o v s e e e e e e e e e oo . 30,0015

FRESENTATION OF RESULTS
The results of this investigation are presented in the following
figures:
Figures
Schlieren Photo™r8PHS « . « « v « v 4 « ¢ o + ¢ ¢ « ¢« + o« s+ b6t08

Longitudinal eerodynamic characteristics of the model with
various tail configurations:

X 9(a)
T-tail with dual ventral fing . . . « « « « « ¢ « « o &« &+ « & 9(v)
T-tail, S0 =199 . . L Lt e e e e e e e e e e e e e s 9(¢e,
T-tail with extended nacelle, &y =19° . . . . + « « . « . . 9(4d)
T-tail without horizontal tail, & =19° . . . . . . . . .. 9{e)
T-tail with 120 wedge . . « v ¢ v v v v v o v v v s v v e e 9(t)



Figures
Model without tail . . . . . . . o ¢ o v v 4 e e e e e e e e 9g)
Lowtail, T, = =107 . . . .. Lo 0. 9n)
Low tail, I, = =30° . . . ... ... ... ......... 5()
Vertical teil of low-tail configuration and 30° wedge
(without horizontal tail) . . . . . . . . . < . . . . .. 9(3}
Sumary of longitudinel aerodynamic chaeracteristices:
T-tail with and without ventral fins . . . . . . . . . . . . . 10
"—tal and lew tail . . . . . L L L0 00 00 o0 w0 e e 11
Sumnary of lateral aerodynemic characteristics:
T-tail with and withovt ventreal fins . . . . . . . . . . . . . 12
T-tail and low tail . . . . . « . ¢ . . 0 0 e e e e e e e e 13
Rudder effectiveness . . . . . « . « v v v ¢ o v v« 4 e o u . 14

DISCUSSION

The longitudinal stability of the basic T-tail corfiguration at
high angles of attack decreascd rapidly with increas: in 1lift ccefficlent
and became neutral at a lift coefficient of about C.; for all test Mach
numhers (fig. Q(a)). This is eviden*ly a result of alversc downwasn
conditicns &t this horizontal-tail iocation since the tail-off-
configuration pitching moments are ecsentiaily linear to the highest
test 1lift coefficients (fig. 9(g)). The vse of dual ventral f{ins has
v appreciabie effect on the pitching-morment coefficients. !See '
fig. 9{b).) Extension of the nacelles (fig. 9(d)) reduced ine nonlinear-
ity of the nitching-moment curves at high 1ift czoefficients markedly.
‘Tre pitching-moment curves for thc low tail (figs. 9(h), 9(1), and 9(J))
7ere essentially linear to the higrest 1ift coefficients tested. The
low-tail configuration exhibited greater longitudinal stability thun the
T-tail at the two Mach numbers shown in figure 11.

The directional stability of all configurations decreased with
increase In Mach number or angle of attack as is usual. At low angles
of attack, the single and dual ventral fins were equally effective in
increasing the directional stability of the model (fig. 12). At high
angles of attaock, the single ventral fins contributed consideratly less
to the directional stability than the dual fins. At a Mach number
of 2.50, the dual fins increased the an%le of attack at which the direc-
tional stability becomes zero from 10.5° to 16.3°. The low-tail con-
figuration (fig. 13) with either -10° or -309 of dihedral had greater
directional stability than the T-tail arrangement at low angles of attack.
The reverse was true at angles of attack above 10°.
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Rudder effectiveness (fig. 14) for the P-tail configuration was
essentially zero below an angle of attach of 6°. As angle of attack was
increased ebove this value, the effectiveness increased. The effective-

ness at low angles of attack was improved by removal of the horizontal
tail.

Lanzley Research "enter,
National Aeronautics and Space Administration,
Langley Field, Va., January 14, 1960.
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(b) Body axis.

Relative wind

Figure 1.- Concluded.
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Figure 3.- Drawing of the basic T-tail components including single and
dusl ventral fins. All dimensions are in inches.
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Note: View in
j//chord plane.

Y500 500

torizontal Tail

0.09 \)} . 20°
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Vertical Tait

Figure 4.- Drawing of the low-tail components.
inches.

All dimensions are in
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Figure 6.- .
ﬁg“mtiighﬁei:n photographs of a model of & SupersoniC-bonI;bff czc}f.
ration wi e Langley Unitary Plan wind tunnel. T-tail confi
with double ventral fins. § = 0°; a = 0°; B =~ QO° gu-
’ .
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18.9°

a=

a=9.3°

L-60-225

M = 1.60.

(a)

T-taill configu-~

Plan wind tunnel.

figuration in the langley Unitary
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Figure 8.- Schlieren photographs of a model of a supersonic-bomber con-
figuration in the langley Unitary Plan wind tunnel. Low-tail con-
figuration; ¢ = 90°; B = QC.




- = -
- -
-
- -
- -
-
-
-
"

28

g:—aad

10.0°

—

N

q-—300°

106°

a=

1-60-224

() M = 2.50.

K

Figure 8.- Concluded.




I TN SN

P

ai- :
R
2- g

E:- L S

'
»
1
'
1

N

e

ey i om e p————s e s

2PV
g i '
q ] ]
. P

(a) Model with T-tail configuration.

- !
. I i
4 . . H
. N PN '
1 1
. ' H [ 5
i i : i
. ——— ————— — ._1...__ — e s of
: ! : : i f
i I P Y e M
: i i i '
H . . [
-z 2 Z 4 5 i 2

29

Flgure 9.- Longitudinal aerodynamic characteristics of a supersonic-
bomber model.
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Figure 9.- Continued.
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(d) Model with T-tail configuration and extended nacelle; &y = 19°.

Figure 9.- Continued.
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Figure 9.- Continued.
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(g) Model without tail.

Figure 9.- Continued.
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(h) Model with low-tail configuration; Ty = -10°.

Figure 9.- Continued.
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Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 12.- Lateral aerodynamic characteristics of a supersonic-tomber

Lines dencte data from parameter runs.
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